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Invariante Variationsprobleme.

(F. Klein zum fiinfzigjdhrigen Doktorjubildum.)
Von

Emmy Noether in Gédttingen.

VYorgelegt-von F. Klein in der Sitzung vom 26. Juli 1918%).

Es handelt sich um Variationsprobleme, die eine kontinuier-
liche Gruppe (im Lieschen Sinne) gestatten; die daraus sich er-
gebenden Folgerungen fiir die zugehdrigen Differentialgleichungen
finden ihren allgemeinsten Ausdruck in den in § 1 formulierten,
in den folgenden Paragraphen bewiesenen Sitzen. Uber diese aus
Variationsproblemen entspringenden Differentialgleichungen lassen
sich viel prizisere Aussagen machen alg iiber beliebige, eine Grappe
gestattende Differentialgleichungen, die den Gegenstand der Lieschen
Untersuchungen bilden. Das folgende beruht also auf einer Verbin-
dung der Methoden der formalen Variationsrechnung mit denen der
Lieschen Gruppentheorie. Ftr spezielle Gruppen und Variations-
probleme ist diese Verbindung der Methoden nicht nem; ich er-
withne Hamel und Herglotz fiir spezielle endliche, Loremtz und
golnw Schifiler (z. B.-Fokker), Weyl. Klein fiir spezielle unend-
liche Gruppen?). Insbesondere sind die zweite Kleinsche Note und
die vorliegenden Ausfithrungen gegenseitig durch einander beein-

1) Die endgiltige Fassung des Manuskriptes wurde erst Ende September
eingereicht. :

2) Hamel: Math. Ann. Bd. 59 und Zeitschrift f. Math. u. Phys. Bd. 50.
Herglotz: Ann. d. Phys. (4) Bd. 36, bes. § 9, S.511. Fokker, Verslag d. Amster-
damer Akad., 27./1. 1917. Fur die weitere Litteratur vergl. die zweite Note von
Klein: Gottinger Nachrichten 19. Juli 1918.

In einer eben erschienenen Arbeit von Kneser (Math. Zeitschrift Bd. 2) handelt
es sich um Aufstellung von Invarianten nach dhnlicher Methode.

Egl. Ges. d. Wiss. Nachrichten, Math.-phys. Klasse., 1918, Heft 2. 17
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Felix Klein (19 July 1918)

XXXII. Uber die Differentialgesetze fiir die Erhaltung
von Impuls und Energie in der Einsteinschen
Gravitationstheorie.

[Nachrichten der Kgl. Gesellschaft der Wissenschaften zu Gdttingen. Mathematisch-
physikalische Klasse. (1918.) Vorgelegt in der Sitzung vom 19, Juli 1918%).]

Durch Fortsetzung der Untersuchungen, die ich der Gesellschaft der

Wissenschaften am 25. Januar dieses Jahres vorlegte®), ist es mir ge-
lungen, die verschiedenen Formen der Differentialgesetze fiir die Erhaltung

von Impuls und Energie, wie sie, fiir die Einsteinsche Gravitations
theorie, von verschiedenen Autoren aufgestellt worden sind®), von einem
einheitlichen Gesichtspunkte aus abzuleiten und dadurch, wenn ich nicht
irre, in deren Bedeutung und wechselseitige Beziehung eine wesentlich ver-
besserte Einsicht zu gewinnen. Ich habe, wie man sehen wird, bei der
im folgenden zu gebenden Darstellung eigentlich iiberhaupt nicht mehr
zu rechnen, sondern nur von den elementarsten Formeln der klassischen

Variationsrechnung sinngemifen Gebrauch zu machen.
Der Kiirze wegen kniipfe ich hier gleich, auch in der Bezeichnung,
an meine vorige Note an. Als eigentlichen Grund des nunmehrigen Fort-

) Das Manuskript hat erst Mitte September dieses Jahres seine endgiiltige Form
erhalten.

2) Siehe das SchluBheft des Jahrgangs 1917 dieser Nachrichten: ,Zu Hilberts
erster Note iiber die Grundlagen der Physik“. [Abh. XXXI dieser Ausgabe.]

5 Von Einstein kommen hier in erster Linie in Betracht die zusammen-
fassende Schrift von 1916: ,Die Grundlagen der allgemeinen Relativitdtstheorie®
(Leipzig) und die Mitteilung an die Berliner Akademie ,Hamiltonsches Prinzip
und allgemeine Relativitdtstheorie“ (Sitzungsbericht vom 26. Oktober 1916), von
Hilbert die bereits genannte Note (Gottinger Nachrichten vom 20. November 1915),
von Lorentz die vier Artikel, die er auf Grund einer von Miarz bis Juni 1916
in Leiden gehaltenen Vorlesung im Verslag der Amsterdamer Akademie veroffent-
licht hat — ,over Einsteins theorie der zwaartekracht¥ —, siehe insbesondere
Art. III vom April bzw. September 1916 und Art. IV vom Oktober 1916 bzw. Mai
1917. Ich nenne hier ferner gleich das neuerdings erschienene Buch von Weyl
yRaum — Zeit — Materie“ (Berlin 1918), auf welches ich mich weiterhin ebenfalls
zu beziehen habe. [Weyls Buch liegt bereits in dritter Auflage vor; im Texte wird
immer die erste Auflage zitiert.]
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Invariante Variationsprobleme.

(F. Klein zum fiinfzigjdhrigen Doktorjubildum.)
Yon

Emmy Noether in Gottingen.

Vorgelegt-von F. Klein in der Sitzung vom 26. Juli 1918%).

Es handelt sich um Variationsprobleme, die eine kontinuier-
liche Gruppe (im Lieschen Sinne) gestatten; die daraus sich er-
gebenden Folgerungen fiir die zugehdrigen Differentialgleichungen
finden ihren allgemeinsten Ausdruck in den in § 1 formulierten,

in den folgenden Paragraphen bewiesenen Sitzen. Uber diese aus |
Variationsproblemen entspringenden Differentialgleichungen lassen |
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gestattende Differentialgleichungen, die den Gegenstand der Lieschen
Untersuchungen bilden. Das folgende beruht also auf einer Verbin-
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wiihne Hamel und Herglotz fiir spezielle endliche, Loremtz und
golne Schfiler (z. B.-Fokker), Weyl und Kleoin fiir spezielle unend-
liche Gruppen?). Insbesondere sind die zweite Kleinsche Note und
die vorliegenden Ausfithrungen gegenseitig durch einander beein-

1) Die endgiltige Fassung des Manuskriptes wurde erst Ende September
eingereicht. :

2) Hamel: Math. Ann. Bd. 59 und Zeitschrift f. Math. u. Phys. Bd. 50.
Herglotz: Ann. d. Phys. (4) Bd. 36, bes. § 9, S.511. Fokker, Verslag d. Amster-
damer Akad., 27./1. 1917. Fur die weitere Litteratur vergl. die zweite Note von
Klein: Gottinger Nachrichten 19. Juli 1918.

In einer eben erschienenen Arbeit von Kneser (Math. Zeitschrift Bd. 2) handelt
es sich um Aufstellung von Invarianten nach dhnlicher Methode.

Egl. Ges. d. Wiss. Nachrichten, Math.-phys. Klasse., 1918, Heft 2. 17

INVARIANT VARIATIONAL PROBLEMS
(For F. Klein, on the occasion of the fiftieth anniversary of his doctorate)
by Emmy Noethér in Gottingen
Presented by F. Klein at the session of 26 July 1918*

We consider variational problems which are invariant” under a continuous group (in
the sense of Lie); the consequences that are implied for the associated differential
equations find their most general expression in the theorems formulated in §1, which
are proven in the subsequent sections. For those differential equations that arise from
variational problems, the statements that can be formulated are much more precise
than for the arbitrary differential equations that are invariant under a group, which
gre the subject of Lie’s researches. What follows thus depends upon a combination
of themethods of the formal clculus of anat10ns and of Lle s theory of groups. For
certain groups and variational problems this combination is not new; I shall mention
Hamel and Herglotz for certain finite groups, Lorentz and his students (for example,

Fokker), Weyl and Klein for certain infinite groups. I'In particular, Klein’s second
note and the following developments were mutually influential, and for this reason
I take the liberty of referring to the final remarks 1n Klein’s note.

* The definitive version of the manuscript was prepared only at the end of September.

A gestatten, to permit, in the sense of admitting [an invariance group] has been translated as “being
invariant under [the action of] a group” (Translator’s note).

I Hamel, Math. Ann., vol. 59, and Zeitschrift f Math. u. Phys., vol. 50. Herglotz, Ann. d. Phys.
(4) vol. 36, in particular §9, p. 511. Fokker, Verslag d. Amsterdamer Akad., 27/1 1917. For a more
complete bibliography, see Klein’s second note, Gottinger Nachrichten, 19 July 1918.

In a paper by Kneser that has just appeared (Math. Zeitschrift, vol. 2), the determination of
invariants is dealt with by a similar method.

Y. Kosmann-Schwarzbach, The Noether Theorems |Sources and Studies in the History 3

of Mathematics and Physical Sciences, DOI 10.1007/978-0-387-87868-3_1,
© Springer Science+Business Media, LLC 2011  Superior translation!
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Invariant Variational Problems

. If the integral 1 is invariant under a finite continuous group Gp with p

parameters, then there are p linearly independent combinations among the
Lagrangian expressions that become divergences—and conversely, that implies

the invariance of 7 under a group Gp.

| includes all the known theorems in mechanics, etc., concerning first integrals.

Il. If the integral 7 is invariant under an infinite continuous group G~p depending

on p arbitrary functions and their derivatives up to order G, then there are p
identities among the Lagrangian expressions and their derivatives up to order

O. Here as well the converse is valid.

Il can be described as the maximum generalization in group theory of “general relativity.”



Elementary Consequences of Theorem |

Translation in space

. Momentum Conservation
No preferred location

Translation in time

. Energy Conservation
No preferred time &)

Rotational invariance

. Angular Momentum Conservation
No preferred direction 5

Boost invariance

“Center-of-momentum theorem”
No preferred frame

All known at some level before Theorem I, of which they are special cases.


https://doi.org/10.1103/RevModPhys.23.253

Theorem | links a conservation law with every continuous symmetry
transformation under which the Lagrangian is invariant in form.

Feza Gursey (cf. Introduction to Noether’s Collected Works, 1983):

Before Noether's Theorem, the principle of conservation of energy was shrouded in
mystery, leading to the obscure physical systems of Mach and Ostwald. Noether’s
simple and profound mathematical formulation did much to demystify physics.

Theorem Il contains the seeds of gauge theories ("Symmetries dictate
interactions”) and exhibits the kinship between general relativity (general
coordinate invariance) and gauge theories.

Clarified Klein & Hilbert’s issue about energy conservation in General Relativity.™

Generalized symmetries of | anticipate conservation laws of solitons, etc.

* K. Brading,“A Note on General Relativity,

Energy Conservation, and Noether’s Theorems”™

Cf.Arnowitt—Deser—Misner (1962)


https://www.springer.com/us/book/9783642396830
https://link.springer.com/content/pdf/10.1007/0-8176-4454-7_8.pdf
https://arxiv.org/abs/gr-qc/0405109

Colliding Korteweg—de Vries solitons: © hierarchy of conservation laws
Gardner, Greene, Kruskal, Miura, Zabulsky (1960s) vt - 6vvx + viux = 0

General treatment: S. Coleman,
“Classical Lumps and Their Quantum Descendants”

|0


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.18.274
https://staff.fnwi.uva.nl/t.h.koornwinder/pastkdvi/Korteweg_deVries/1895_PhilMag_Korteweg_deVries.pdf
https://doi.org/10.1090/S0273-0979-97-00732-5
http://dx.doi.org/10.1007/978-1-4613-4208-3_11
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Father, Max Noether, Professor of Mathematics at Erlangen from 1875

Algebraic geometry / curves on surfaces
Academies of Berlin, Gottingen, Munich, Budapest, Copenhagen, Turin,
Accademia dei Lincei, Institut de France, London Mathematical Society

|3


https://archiv.ub.uni-heidelberg.de/volltextserver/13182/1/macaulay.pdf

Felix Klein’s Inaugural Address at Erlangen, 1872
set out a research plan to study geometry from

the perspective of group theory.

Commentary: Garrett Birkhoff, M. K. Bennett,
Felix Klein and His “Erlanger Programm™ (1988).
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https://arxiv.org/pdf/0807.3161.pdf
https://ncatlab.org/nlab/show/group+theory
http://hdl.handle.net/11299/185660

Alfred Clebsch
Max Noether collaborator

44. Clebsch-Gordan Coeflicients, Spherical Harmonics, and d Functions

Note: A square-root sign is to be understood over ev

+1/2 —1/2 1/2 1/2
-1/2 +1/2|1/2—- 1/2

—1/2 1/2

3/2
+3/2] 3/2 1/2
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Figure 44.1: The sign convention is that of Wigner (Group Theory, Academic Press, New York, 1959), also used by Condon and Shortley (The
Theory of Atomic Spectra, Cambridge Univ. Press, New York, 1953), Rose (Elementary Theory of Angular Momentum, Wiley, New York, 1957),
and Cohen (Tables of the Clebsch-Gordan Coefficients, North American Rockwell Science Center, Thousand Oaks, Calif., 1974).

Paul Gordan

Erlangen Professor, 1874—1912
“Ein Algorithmiker”
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https://en.wikipedia.org/wiki/Paul_Gordan
https://en.wikipedia.org/wiki/Alfred_Clebsch

| 889—1897: Stadtische Hoheren Tochterschule

1 900: Bavarian State Exam for teachers of French and English

1900: Could not enroll in University of Erlangen, permitted to audit
Admission of women would overthrow all academic order
—Erlangen Academic Senate, 1898
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Source Cordula Tolmien

Erlangen, den 2. Oct[ober] 1900

An das Prorektorat der K[oniglichen] Universitat Erlangen
Betreff: Bitte um Zulassung als Horerin

Die gehorsamst Unterzeichnete Tochter des k[oniglichen]
Universitatsprofessors Dr. Max Noether in Erlangen, geboren am 23. Marz
1882, wunscht, als Horerin an der philosophischen Fakultat der
K[oniglichen] Universitat Erlangen zugelassen zu werden.

Dieselbe hat nach den beiliegenden beiden Prufungszeugnissen im Monat
April 1900 in Ansbach die Lehrerinnenprufungen in der franzosischen und
in der englischen Sprache mit Note | bestanden. Das mathematische
Pensum des humanistischen Gymnasiums hat sie sich durch
Privatunterricht bei Herrn Dr. Maule in Stuttgart und Herrn Dr. E[rnst]
Schoner, Professor am Gymnasium zu Erlangen, angeeignet.

Auf Grund dieser Vorbildung erlaubt sie sich, das K[oniglichen] Prorektorat
ergebenst zu ersuchen, ihr die Erlaubnis zum Besuche sowohl der
mathematisch-physikalischen, als der neuphilologischen Vorlesungen beim
K[oniglichen] Staatsministerium erwirken zu wollen.

Gehorsamst Emmy Noether

Detailed account: C. Tollmien, Mathematik und Gender 5 (2016) 1-12

|7


http://www.cordula-tollmien.de/pdf/tollmiennoether2016.pdf
http://www.tollmien.com/noetherlebenslauf.html

1903: Passed Reifepriifung (university qualification), enrolled in
University of Gottingen. Lecture courses given by Karl Schwarzschilq,
Hermann Minkowski, Felix Klein, David Hilbert, ...

1904: Admitted to Uni-Erlangen as student of mathematics.

1907: D. Phil. summa cum laude under Paul Gordan (his only student)
Uber die Bildung des Formensystems der terndren biquadratischen Form

(On the construction of the system of forms of a ternary quartic form)
Computation of all 331 invariants of a homogeneous polynomial

(First woman math Ph.D. in Europe: Sofia Kovalevskaya [Gottingen, 1874,
with Karl Weierstral3]; Full Prof. Stockholm 1889, d. 1891)

1908—1915: Unpaid member of Erlangen Mathematical Institute
influence of Ernest Fischer

|18


https://doi.org/10.1515/crll.1908.134.23
https://doi.org/10.1515/crll.1908.134.23
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http://www.math.uni-goettingen.de/historisches/mathematiker.html
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http://www.claymath.org/publications/klein-protokolle

1915: Habilitation lecture to become Privatdozent in Gottingen, with unanimous
support of the Math / Science Department of the Philosophical Faculty

“l have had up to now uniformly unsatisfactory experiences with female students and | hold
that the female brain is unsuited to mathematical production. Miss Noether seems to be a
rare exception.”

—Gottingen Mathematician Edmund Landau in his
referee report for the Habilitation of Emmy Noether, 1915

Historical-Philological Department

Concern that seeing a female organism might be distracting to the students.

Special vote against the Habilitation of Emmy Noether, |9 November 1915

Not approved; EN permitted to lecture under Hilbert’s name

Full German texts in C.Tollmien, “Weibliches Genie:

Frau und Mathematiker: Emmy Noether”
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http://irma.math.unistra.fr/~schappa/NSch/Publications_files/1991b_Landau.pdf

|917: Another failed try
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http://blog.nli.org.il/wp-content/uploads/2017/04/20170219153051182_0004_440.jpg

1919: Legal status of women improved after War of 1914—1918
(Weimar Republic)

Habilitation granted on the basis of Invariante Variationsprobleme
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|918: Hermann Weyl speculated on a scale-symmetry—based
unified theory of electromagnetism and gravitation. Failed!

1 929: After invention of quantum mechanics, succeeded in

deriving electrodynamics from a Noetherian symmetry
principle: invariance under local variations in the convention

for the phase of a QM wave function: U(1) symmetry.

193 1: Dirac invents QED, discusses “non-integrable phase.”

1959: Aharonov & Bohm establish that potentials contain
too much information, fields too little, path-dependent
phase factors just the right amount.

Weyl in 1955:The strongest argument for my theory seemed to
be this: the gauge invariance corresponds to the principle of
conservation of electric charge as the coordinate invariance
corresponds to the conservation law of energy and momentum.


https://www.ias.edu/hermann-weyl-life
http://rspa.royalsocietypublishing.org/content/royprsa/133/821/60.full.pdf
https://doi.org/10.1103/PhysRev.115.485

Fit result for the electron decay rate = 1.23 cpd/100 tons

——— Data

Total spectrum, x?/n.d.f = 177.43/147
%%6 keV photon

Bi
e

Po
Solar v(pp)
Solar v(others)
Synthetic pile-up

Charge conservation: Borexino, PRL (2015)
T(e- = VY) = 6.6 x1028yr at 90% CL

Why is charge conserved!?
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o o
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|) Maxwell’s equations. But they are built
to conserve charge (addition of the
displacement current to Ampére’s law).
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|mPI|eS a conserved charge, which we (green line), the peak at about 400 keV from *'"Po «a decays, and

identify as the electric Chal”ge. PVl (he solar neutrinos, grouped in the blue curve except for the
crucial pp neutrinos, which are shown in cyan. The effect of

event pileup, mostly overlapping '*C events, is shown in dashed
3) local Ph ase invariance (Theo rem ||)\ T P pink. The hypothetical monoenergetic 256 keV v line is shown in

: : red at its 90% exclusion C.L. with an arrow indicating the mean
gIves a theory of electromagnetlsm, / P | c of the detected energy, which is lower than 256 keV

full content of Maxwell’s eq uations. s because of quenching. The fit i1s done in the range 164-590 ke\g.s




Invariant Variational Problems made waves in GR circles, but
was not otherwise an instant sensation: a “Sleeping Beauty”

Heisenberg, who would later say “In the beginning was the symmetry,” that is
certainly more correct than the Democritean thesis, “in the beginning was the
particle.” The elementary particles embody the symmetries, they are their
simplest representations, but they are only a consequence of the symmetries,
probably never read Noether:"[l]t did not penetrate into quantum theory, so |
didn’t realize the importance to that paper.” (cf. YK-S, pp. 85-86)

W. Heisenberg
Der Teil und das Ganze, p. 280

They were preoccupied with inventing Quantum Mechanics, which unleashes more of
the potency of Noether's theorems. Internal symmetries not yet conceived.
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http://dx.doi.org/10.1007/978-0-387-87868-3

THE
LONDON, EDINBURGH, anp DUBLIN

Link betVYeen spacetime PHILOSOPHICAL MAGAZINE
translation invariance AND

and 4-momentum conservation JOURNAL OI SCIENCE.

did not dissuade Bohr from ——
[S]XTII SERIES.]

asking whether the

conservation law might only be VAT 1924,
satisfied statistically Y S

: : : L}\}x\"l. The Quantum 'I‘Icem"z/ of ]f(((_{l(‘(.hon. X

N radlatlve Processes By N. Bour, H. A. Kramegs, and J. C. SLATER ¥,

Introduction.

a‘nd B-decay N the attempts to give a theoretical interpretation of the

mechanism of interaction between radiation and matter,
two apparently contradictory aspects of this mechanism have
been disclosed. On the one hand, the phenomena of inter-
ference, on which the action of all O[)th«ll instruments essen-
tially depends, claim an aspect of continuity of the same
character as that involved in the wave theory of light, espe-
cially developed on the basis of the laws of classical electro-
dynamics. On the other hand, the exchange of energy and
momentum bstween matter and x.tdl.mon on which the
observation of optical phenomena ultlnmtclv depends, claims
essentially discontinuous features. These have even led to
the introduction of the theory of light-quanta, which in its
most extreme form denies the wave constitution of light.
At the present state of science 1t does not seem powlble to
avoid the formal character of the quantum theory which is
shown by the fact that the interpretation of atomic phe-
nomena does not involve a deseription of the mechanism of
the discontinuous processes, which in the quantum theory
of spectra are designated as transitions between stationary
states of the atom. On the correspondence principle it seems

* (Communicated by the Authors.

Plil. Mag. S. 6. Vol. 47. No. 281. May 1924. 3 K



http://www.informationphilosopher.com/solutions/scientists/bohr/BKS.pdf
https://doi.org/10.1016/S1876-0503(08)70350-5
https://doi.org/10.1038/138025b0

Gottingen: The Mother of Modern Algebra: Rings and |deals

1922: AuBerordentlicher Professor

1928-1929: Moscow

1930: Frankfurt

1932: Alfred Ackermann-Teubner Award with Emil Artin

1932: Plenary lecture at International Congress of Mathematicians, Zurich
edited Math.Annalen

Die Noetherknaben / “Der” Noether

28



Cordula Tollmien, tollmien.com

Gottingen:“‘Leben und Werk der Mathematikerin Emmy Noether 1882-1935”

Expelled from Math/Physics Faculty, 1933

Felix Bernstein
Max Born
Richard Courant
Emmy Noether

S. Mac Lane, “Mathematics at Gottingen under the Nazis”
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http://www.uni-math.gwdg.de/noether/
http://tollmien.com
http://www.tollmien.com/noethertelegrammapril1933.html
http://www.ams.org/notices/199510/maclane.pdf
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https://blog.nli.org.il/wp-content/uploads/2017/04/20170219153051182_0005_550.jpg
https://blog.nli.org.il/en/noether/

TO JOIN BRYN MAWR.

Dr. Emmy Noether, Ousted by,

Nazis, Will Be on Faculty.

Special to T NEW YOREK TIMES.

BRYN MAWR, Pa., Oct. 3.—Pres-
ident Marion Edwards Park at the
opening of Bryn Mawr College to-
day announced that Bryn Mawr
was to have in its facully for twaj
vears Dr. Emmy Noether, 1for-
merly of the University of Gﬁttin-1,

gen, She was asked, with otherl

members of the Géttingen faculty,,

to resign last Spring, under the :
Nazi regime. |

The appointment of Dr. NNoether
was made possible by a gift from
the Institute of International Edu-
cation and the Rockefeller ¥Founda-

tion.

Ehe New ork Eimes
Published: October 4, 1933
Copyright © The New York Times

Cf. Qinna Shen,“A Refugee Scholar from Nazi Germany:

Emmy Noether and Bryn Mawr College”

1934
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https://repository.brynmawr.edu/german_pubs/19/

Bryn Mawr, 1933—1935: graduate students
weekly trips to |IAS, Princeton for seminars
and lecture courses.

Spring vacation, 1935: surgery, sepsis, death.

32


http://emmy-noether.net
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Emmy Noether marker, Bryn Mawr College Cloisters
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Hermann Weyl:

| have a vivid recollection of her when | was in Gottingen as visiting professor in the
winter semester of 1926-1927,and lectured on representations of continuous
groups. She was in the audience; for just at that time the hypercomplex number
systems and their representations had caught her interest and | remember many
discussions when | walked home after the lectures, with her and von Neumann, who
was in Gottingen as a Rockefeller Fellow, through the cold, dirty, rain-wet streets of
Gottingen.When | was called permanently to Gottingen in 1930, | earnestly tried to
obtain from the Ministerium a better position for her, because | was ashamed to

occupy such a preferred position beside her whom | knew to be my superior as a
mathematician in many respects.
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Pavel Alexandrov:

With the death of Emmy Noether | lost the acquaintance of one of the most
captivating human beings | have ever known. Her extraordinary kindness of heart,
alien to any affectation or insincerity; her cheerfulness and simplicity; her ability to
ignore everything that was unimportant in life-created around her an atmosphere of
warmth, peace and good will which could never be forgotten by those who associated
with her. ... Though mild and forgiving, her nature was also passionate,
temperamental, and strong-willed; she always stated her opinions forthrightly, and did
not fear objections. It was moving to see her love for her students, who comprised
the basic milieu in which she lived and replaced the family she did not have. Her
concern for her students’' needs, both scientific and worldly, her sensitivity and
responsiveness, were rare qualities. Her great sense of humor, which made both her
public appearances and informal association with her especially pleasant, enabled her
to deal lightly and without ill will with all of the injustices and absurdities which befell
her in her academic career. Instead of taking offense in these situations, she laughed.
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van der Waerden & Noether, 1929

This entirely non-visual and noncalculative mind of
hers was probably one of the main reasons why her
lectures were difficult to follow. She was without
didactic talent, and the touching efforts she made to
clarify her statements, even before she had finished
pronouncing them, by rapidly adding explanations,
tended to produce the opposite effect. And yet, how
profound the impact of her lecturing was. Her small,
loyal audience, usually consisting of a few advanced
students and often of an equal number of professors
and guests, had to strain enormously in order to
follow her.Yet those who succeeded gained far more

than they would have from the most polished lecture.

She almost never presented completed theories;
usually they were in the process of being developed.
Each of her lectures was a program.And no one was
happier than she herself when this program was
carried out by her students. Entirely free of egotism
and vanity she never asked anything for herself but
first of all fostered the work of her students. She
always wrote the introductions to our papers ...
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Robert L. Mills & C. N.Yang, 1954:

38


https://books.google.com/books?id=nPC06-dDjB8C&lpg=PA182&ots=ss6Dy3t9qf&dq=yang%20mills%20abstract%201954&pg=PA185#v=onepage&q&f=false
https://doi.org/10.1103/PhysRev.96.191

To learn more ...
Auguste Dick (transl. H. |. Blocher), Emmy Noether 1882—1935 (1981)

M. K. Smith and |.W. Brewer, Emmy Noether:A Tribute to Her Life and Work (1981)
B. Srinivasan and J. Sally, Emmy Noether in Bryn Mawr (1983)

H.A. Kastrup, ‘The contributions of Emmy Noether, Felix Klein and Sophus Lie to the

modern concept of symmetries in physical systems” (1983)

L. M. Lederman and C.T. Hill, Symmetry and the Beautiful Universe (2007)
Y. Kosmann-Schwarzbach, The Noether Theorems (201 |)

Celebrating Emmy Noether, a symposium at the Institute for Advanced Study (2016)

Peter |. Olver,”Emmy Noether’s Enduring Legacy in Symmetry” (2018)

Cordula Tollmien,“Emmy Noether (1882—1935),” emmy-noether.net (in German)

Ferdinand lhringer, “Emmy Noether’s Habilitation” (in English)
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https://archive.org/details/EmmyNoether1882-1935
https://link.springer.com/book/10.1007/978-1-4612-5547-5
http://bit.ly/2LG7gyl
http://bit.ly/2LG7gyl
https://www.edelweiss.plus/?sku=1591025753
https://www.springer.com/us/book/9780387878676
https://www.ias.edu/ideas/2016/emmy-noether
http://www-users.math.umn.edu/~olver/s_/noether.pdf
http://emmy-noether.net
https://ratiobound.wordpress.com/2019/06/03/emmy-noethers-habilitation/
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https://www.mathunion.org/imu-awards/icm-emmy-noether-lecture
https://stephaniemagdziak.com/artwork/3836305-EMMY-NOETHER-BRONZE-PLAQUE.html

Role of women in US institutions (examples)

Yale: undergraduate women admitted in 1969,
graduate students, 1892
first science Ph.D.s, 1894 (astronomy & chemistry)
first physics Ph.D., 1932 ?
women on faculty since 1920, first tenured 1950s
first tenured in physics, 2001;in math, 201 3

Princeton: undergraduate women admitted in 1969,

first full-time graduate student, 1961
first physics Ph.D., 1971
first tenured professor; 1968;in physics, 1998

Berkeley: undergraduate women from 1870
first physics Ph.D., 1926
first on physics faculty, 1981 (tenured)
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